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Abstract 
This paper presents experimental results from tree point bending and uni-axial tension 
tests of fiber reinforced concrete, using steel fibers with a moderate fibre content (Vf = 0.3 
%) of double hook-end steel fibres. The three-point bending tests included six notched fiber 
reinforced concrete (150mm*150mm*550mm) and six non-reinforced concrete beams and 
the uni-axial tension tests included six fiber reinforced- and six non-reinforced notched 
concrete cylinders that were core-drilled, 100mm, from rectangular specimens, >1000mm, 
and cut to 100mm lengths. The results from the beam tests show a separation of response 
into two groups of three beams with regard to the energy absorption capacity. Three 
beams showed relative low and three beams showed high capacity in comparison with 
other types of fibers. The results from the uni-axial tension tests showed a similar 
behaviour, but with a smaller scatter.  
Keywords:  three point bending test, uni-axial tension test, fibre reinforced concrete, 
double hook-end fibre 
 
1. Introduction 
Extensive research has proven that steel fibre reinforcement provides significant post-crack 
ductility to the otherwise brittle concrete. This effect have been quantified in numerous 
studies [1, 2] and later also standards for assessment of the characteristic material 
parameters, e.g. fracture energy [3, 4]. Approximately a decade ago the Rilem technical 
committee 162-TDF, “Test and design methods for steel fibre-reinforced concrete”, 
published recommendations for two test methods: uni-axial tension test (UTT) and a three 
point bending test (3PBT) that can be used for assessing material parameters, see [3, 4]. In 
2006, researchers from Gothenburg investigated these methods and compared them with an 
alternative method: the wedge-splitting test method. The investigation found that the 
scatter in the test results of all three tests was rather large due to variations in fibre 
distribution and orientation; and concluded that it is always necessary to count and 
explicitly state the number of fibres crossing the fracture plane, see [5]. 
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In this study the double hook-end fibre is assessed according to [3, 4]. The results from the 
uni-axial tension tests and the three point-bending tests are used for calculating the fracture 
energy of a fibre reinforced concrete mix with a fibre dosage of 35 kg/m3. 
2. Experimental program 
2.1 Material data 
Casting was made in the concrete laboratory of Chalmers University of Technology and 
the concrete was delivered from a ready-mix plant. All specimens were cast at one 
occasion and all concrete was from one of two batches: one with and one without steel 
fibres. Both mix compositions can be seen in Table 1. 
Tab.1: Concrete mixes 
 
2.2 Experimental set-up of uni-axial tension test 
For each concrete type (conventional concrete and steel fibre reinforced concrete) six 
specimens were prepared and tested in uniaxial tension. The cylinders tested had a length 
of L = 100mm and a gross diameter of d =100mm. At the midsection of the cylinder a 
10mm deep and 5mm wide circumferential notch was cut with a diamond blade. Six 
cylinders were cored from larger prisms 200x200x750mm3. The prisms were cast 
horizontally, see Figure 1. The top and bottom surfaces were face ground to ensure their 
being plane parallel. 
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Fig.1: Making of cylinders for uni-axial tension tests. 
The lower loading plate (metal block) was glued to the cylinders in a rig which ensured 
that the centre axes of the plate and the cylinder would coincide. The lower loading plate 
(together with the gluedon cylinder) was then bolted to the machine, and the upper loading 
plate, which was already attached to the machine, was glued to the top of the cylinder. Any 
small deviations from the edges of the cylinder being parallel to each other were evened 
out by the glue, so that the loading plates were positioned parallel to each other. 
 
The direct tensile test setup was based on the test method recommended for concrete 
described in [4]. The tests, which were displacement controlled, were carried out in a 
GCTS servo hydraulic machine with a stiff load frame. The tests were conducted using a 
moment stiff loading device in order to suppress rotations of the holders that could lead to 
bending failure. The device was pretensioned with a load of 150kN. The load cell used was 
rated up to 200kN and the accuracy of the load measurement was within 1%. The 
displacement was measured locally over the notch with three inductive displacement 
transducers with a gauge length of 30mm. The gauges were approximately centered over 
the location of the notch. The transducers had a measuring range of _2.50mm and a 
relative error less than 1%. The mean value of the three displacement values was used for 
the displacement control. The displacement was applied at a rate of 0.005mm/min up to a 
displacement of d = 0.1mm, 0.1mm/min in the range 0.1 < d < 2.0mm, and then increased 
to 0.5mm/min for the remaining part of the test. In Figure 2 the test setup is shown. 
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Fig.2: Test set-up of uni-axial tension test. 
2.3 Experimental set-up of three point bending test 
In addition to the uniaxial tensile testing presented in the previous section, three point 
bending tests, in accordance with [3], were made. The test set-up can be seen in Figure 3. 
In addition to the two linear variable differential transformers (LVDT) measuring the 
deflection on the top surface, the crack mouth opening displacement (CMOD) was 
recorded using a MTS 632 clip gauge. Both LVDT:s were RDP D2/200A with a range of 
±5mm. All instrumentation was logged with a frequency of 100Hz. The beams were casted 
using buckets taking the concrete from the pumping truck. Casting was made in 
accordance with [3]. 
 
Fig.3: Test set-up of three point bending test. 
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3.1 Results from uni-axial tension test and calculation of energy absorption 
capacity 
Results from the tests on plain concrete and fibre reinforced concrete are shown in Figure 4 
and Figure 5, respectively. Comparing the two graphs, the difference between the ductile 
fibre reinforced concrete and the brittle concrete is obvious.  
 
 
Fig.4: Load-deformation curve from uni-axial tension tests of plain concrete. 
The uni-axial tension tests of plain concrete and fibre reinforced concrete gave results as 
expected. In two test specimens, a crack developed outside the notch, but after the initial 
crack in the notch, specimen 1 and 3. This gave a sudden drop in tensile hardening phase.  
The number of fibres in the cracked section were calculated and observed, see table in 
Figure 5. Two specimens showed a larger amount of fibers, specimen 3 and 4. This high 
amount of fibres showed a corresponding high tensile hardening behaviour in the load-
deformation curve. 
Many fibres did not slip, instead they cleaved the surrounding concrete in a spalling way. 
The cleaving fibres were mostly joined in a sheaf of fibres. 
In all specimens sheafs were found. The most extreme was specimen 5, in which 4 sheafs 
were counted including 10 fibers of 19 in all. These sheafs were also found to have cleaved 
the specimen; specimen 5 showed the lowest tensile hardening capacity, as well as the 
lowest energy absorption capacity. 
The values from the tests on fibre reinforced concrete presented in Figure 5 were used for 
calculating the energy absorption capacity presented in Table 2. The calculation was 
according to [4]. 
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A mean energy absorption capacity was calculated to Wf,mean = 3.552 [N/mm]. The side 
crack developed in specimen 1 and 3 had no effect on the calculated energy absorption 
capacity, Wf = 3.236 [N/mm] and Wf = 4.661 [N/mm], for specimen 1 and 3, respectively. 
 
 
Fig.5: Load deformation curve from uni-axial tension tests of fibre reinforced concrete. 
 
Tab.2: Energy absorption capacities from uni-axial tension tests. The capacities are 
calculated from load-deformation curves presented in Figure 5. 
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3.2 Results from three point bending test and calculation of energy 
absorption capacity 
The results from the three point bending tests are shown in Figure 6 and Figure 7. The 
significant increase of ductility from steel fibres, seen in the uni-axial tension tests is 
observed also here. The significant difference between the fibre reinforced concrete beams 
are highly depending on the number of fibres bridging the crack. Furthermore, also the 
position of the fibre bridging the crack and the angle of the bridging fibre influences the 
residual capacity of the beam. Together with the graph, the numbers of fibres in the 
fracture zone of all beams are presented. A significant difference in number of fibres (and 
their position) could be observed, corresponding to the difference in residual capacity. 
 
Fig.6: Load deformation curve from three point bending test of plain concrete. 
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Fig.7: Load deformation curve from three point bending tests of fibre reinforced concrete 
The values from the tests on fibre reinforced concrete presented in Figure 7 were used for 
calculating the energy absorption capacity presented in Table 4. The calculation was made 
according to [3]. 
Two capacities were calculated, DBZ,2 and DBZ,3, at two different deformations, d2 and d3, 
respectively. Specimen 2 showed a very low tensile hardening capacity which resulted in 
low energy absorption capacity. 
The difference in number of fibres and their position reflected in the load-deformation 
curve results in a large difference in energy absorption capacity. The capacity is doubled 
for the specimen with a higher number of fibres in the lower section. However, a high 
number of fibers in the lower middle section seems not to have any effect on the energy 
absorption capacity. 
 
Tab.3: Limit of proportionality and deformations from three point bending tests. The 
values are used for calculating the energy absorption capacity given in Table 4.  
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Tab.4: Energy absorption capacities from three point bending tests. The capacities are 
calculated from load-deformation curves presented in Figure 7. 
 
4. Conclusions 
The following conclusions were drawn: 
· Six uni-axial tension tests of plain concrete and fibre reinforced concrete reinforced 
with double hook-end fibres have been done according to Rilem standard, [4]. 
· Six three point-bending tests of plain concrete and fibre reinforced concrete 
reinforced with double hook-end fibres have been done according to Rilem 
standard, [3]. 
· The energy absorption capacity of double hook-end fibres has been calculated for 
the uni-axial tension tests and the three point bending tests according to [3] and [4]. 
· Steel fibres, just as expected, provide a significant addition in terms of ductility. 
· A large amount of fibres were not separated in the mix. This resulted in a large 
amount of sheafs of fibers with consequences on the tensile hardening performance. 
· The calculated energy absorption capacity was not affected to high extent of sudden 
drops, due to side cracks, in the tensile hardening phase. 
· Many cases of cleavage were found in the cracked sections. This most probably 
affect the tensile hardening negatively as the crack development becomes more 
brittle. 
· A high number of fibers in the lower section of the three point bending tests gave a 
high energy absorption capacity. Though, on the contrary, a high number of fibres 
in the lower middle section was found to not affect the energy absorption capacity. 
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